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PART 1
ABSTRAGT

This projsct is concerned with performing a factorial load life
test on Coruing Glass Works® hermetically semled, glass RF resistors
which are qualified to Characteristic 6 of MIL-R~10509D, The results
of this test will be in the form of detailed load lifs performance
data. Resistors of two rated power dissipating capabilities, 1/8 watt
end 1/4 watt, will be tested. 1lu this factorial test approximately
22,000 resistors will oparate at & combinstion of temperatures of
70°C, 100°C, 125°C, and 150°C and power dissipsting levels of one tiwe,
two times, three times, four times, and five timas their normally rated
power for 2000 hours. In addition, 450 resistors will be tested for

10,000 hours at 70°C at their rated power.

This interim veport describes activities carried on during Jmuary,
February, and March 1963, Since previous reports have covered test
design and earlier fabrication techmiques usad in assembling the test
boards, this report will mot repeat that information and will deal
primerily vith factors leading up to the complation of installation of

all test component and ataxting cf the 2000 hour test.

During this report period, the project progressed from Phase II finto
Phase III - Phase 11 having been complated. It is expected that Phase III
will be complete by the end of the next report period, and in addition, a
good portion of Phase IV will have been completed.

This report period consumsd the major portion of work effort expended

thus far. Assembling snd wiring the tast boards inwlved more men hours



PART I

of labor than sll previous efforts combined., In addition, these operatiocns
proved to be ths wost critical from a scheduls completion as well as test
reliability standpoint. Therefore, & major portion of this repoxrt will
deal with these factors,

Several additional wmodifications aad additions have been made to the

testing equipment; these are decacribed in the Detail Factual Data portion

of the report.



PART 1

PURPOSE

The purpose of this project is to obtain fallure rste dats snd
acceleration factor dats om Coraing’s NP glass hermeticslly sealed
tin-oxida resigtors in sufficient detail to be meaningful to U.S.Navy

technical personnel amd to industrial design engineers.

The project has been divided into the following phesses:
Phase 1

Test tectmique determination and equipment selection.

Phase 11
a) Equipment procurement and installation.
b) Resistor msmufacture,

¢) Start of 10,000 hour load life test.

Phase 111
2000 hour load 1life test.

Phase IV

Dsta Analysis,



PART 1
GENERAL FACTUAL DATA

(s) demeification of Jechatcisas
The following is a list of persomnel who worked on this project

during this report period, togsther with their function snd
hours expended:

Stouder C. Thompson, Project Manager 512 bours
Robert A. Ballard, Senior Emgineer 80 hours
Henry K. Gensler, Statistical Analyst 96 hours
Louis R. Stewart, Technician 512 hours
Donald 1. Dunworth, Technician 20 hours

Francis J. Colells, Data Processing Techniciam 67 hours

(b) Measursment Procedures
Following is a list of instruments end equipment used in performing
tests and measuraments on the project thus far:
Temperature Measur i t
1. Potentiometer, Rubicon Model Wo. 2746 with iromn-constantan
thermocouple. -559C to 250°C fn .2° steps. (1)
2. Temperature Racorder, Leeds snd Northrup Speedomax G
Model S 60000 series. 0 to 5007 £ in 5° F divisions,
capable of mesasuring snd recording at 24 points. (2)
Ovens
1. Qven, Blue M. Electric Co. Model R-8P-406 CXX 1000 watt

409C to 250°C with Satursble resctor temperaturs coutrol. (41)



PART 1
DATA
D,C lies

1. E.D.Ackerman "Rlectus" Power Supplies Models -

6225 0 to 500 VDC 230 watts (12)
6233 0 to 24 VDC 300 vatts ( 9)
623% 0 to 108 VIC 300 wvatts ( 3)
6235 0 to 600 VDC 300 wates (12)
6237 U to 50 VDC 250 watts (16)
6243 24 VDC Pixed 2 Amps  (11)

D.C. Voltmeters

1. D.C.Voltmetex, Weston 911 (1)
0tol, 3, 10, 30, 100, 300, 1000 VDC

2. Digital D.C.Voltmeter, United Systems "Digitec". (1)
0 to 1, 10, 100, 1000 VDC

3. Volt-Ohm-Millismeter - Simpson Model 270. (1)

Digital Resistsoce Deviation Bridges

1. Digital Deviation Data Logger, Wou Linear Systems
Model 24336. (1)

2. Digitsl Deviation Bridgse, Nom Linear Systems Model R248. (1)

Data Process 4 t

1. 1BM Model 519 Susmary Pumch (2)

2. 1IBM Model 026 Rey Punch (1)

3. IBM Model 036 Card Verifier (1)

4. IMM Model 082 Card Sorter (1)

5. IBM Modsel 085 Collater (1)

6. IMM Model 609 Calculator (1)

7. IBNM Model 402 Accounting Machine (1)



PART X
GENERAL PACTUAL DATA
(c¢) Jest Design
The following diagram includes all pertiamt informstion detsiling
quantities of resistors to ba tested. Since the last progress repert,
an additional group of resistors has been added to the test. Thase

parts will be tested at two, three, four, and five times rated power

at 150°¢.
PARTS TO BE TRSTED
NF60 SIZE (1/8 WATT) NF65 SIZE (1/4 WATT)

100, £ 1% 100 ~ 4 1%

X /1% XK. £12

10k.. /12 100K 712

100K~ # 1% 100K . § 1%

348 A 12
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DETALL PACTUAL DATA

)

lostailation of Completed Test Boarda ia Ovems; ‘iince the previous

repoxts bave outiined the methods used te mount purts, wire and test
the individusl tvest bocrds, this ‘nformsiion will not be {ncluded in
this veport. The majoritcy of effort expended durlag this repoxt
verfod was in iastallacion of the wirved test hasris in the ovens and
connention of the reasistor power switching relay: to the test board
sires. & brief descriptizn of the procedure vsed follows:

The eompletad test boards with still sir trays attached were placed
in the oven and suppoxzed by 1/4" 0D glass rous uader the aluminum
still atx trays. The wires were chen fed tarcugh the ! 3/4" dismeter
rorts located on the rear panel ¢f the oven. Fach bundle of wires
rttached to & board had bveen mirked to identiliy them &t a later time.
When all assigned boards bad been placed in the c¢ven, the wircs were
then segragnted Inte groups sccording to sequuice of assembdly
tormally, plugs and relsys iocited at the botivm portiun 2§ the chassis

cere wired first,

tince epach test doard is capable of helding 107 resistors and 2ach

tlug capeble of contaising only 35:) plos, an indexiag system was
ceveisped which correlated plug, pin snd wire no., to location nn the
sesintor test hoard. ‘This index was used by “lwee perforuing the wiring

o that » mivdsum of errers might Le imcirred

} ires atisched to the bosrds actuilly ere comiriied of three parts:
7o A four foot wire attached to the appropri ite t2vminsl wize cm the

tast board and termirated at a female pin at tice ochay end,
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PART I

DETAIL FACTUAL PATA

2. An AMP 42993-2 femals pin pre-crimped to the four foot wire and
sother 18 inch vire of the sams sise.

3. An 18 inch wire sttached to the pin st oms end; the other end
prestripped and tinned for soldering to the group selector relay
contact,

All wires were pre-marked and color coded for idemtification.
Wiring was performed in two steps:

1. The pins were insexted into the AMP 201310-1 plugs snd the wire
no. noted on the plug index sheet opposite the sppropriate pin
socket number. When all 350 pins had been inserted, the plug was
inspected to assure proper assembly.

2. The individual 18" wires attached to the pins were then aoldered
to the relay or relays sssigned to that particular plug. Before
proceeding to the next plug, the operator inspected her work to
assure 21l solder joints were of acceptadle quality.

RBach plug was wired and attached in this fashion until that
particular chassis wvas completed. A full time inspector was
employed to theun inspect the completed chassis and read out all
resistors. Discrepancies were noted on & "rework” form and the
chassis re-inspected after rework operations had been performed.
Primary ressons for rework were:

1. AMP pins not properly sested im sockets.

2. Wires not properly attached to relay contacts.

3. AMP pins inserted into wrong position in plugs.

After complation of the preceding operation, the oven was comsidered
to be ready for test cimmencemsnt.
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PART 1

DETAJL, PACTUAL DATA
(8) Oven Stgre-up Procedure

1.

s.

In oxder to distribute work effort and take advantage of a possible
scceleration factor in the collection and anslysis of data, rssistors
were put on tsst as soon as the test oven snd switching circuits

were completed, checked out, and adijusted. The procedure used for
start-up is described below:

Prior to applying heat and voltage to the resistors, an {initial
resistance reading was made at 25° # 5°C. At this time the printsd
tape showing initial resfstgace was snalyzed. Any resistors indicating
resistance of greater then # 13 of their nominzl were chacked at the
test board to determine if z short circuit or cold solder joint may
have caused excessive deviatfon. This was the final inspection prior
to commencenent of test.

The oves wvas then turned on and adjusted to nominsl tempersture with
resistor power off. Thermocouples on all eight test boards were
monitored and imtake and exhsust ports adjusted for minimum temperature
gradient between shelves. Maximumm gradiemt found betwean any two trays
was 4°C during this period. Omce stabilized at operating temperature,
the resistors were then resd out initislly asd all data transferred

to the computor area.

Resistor powsr wes then applied and oven temperature comtrol (R3)
adjusted so that during "powar on"” cycle, the sverage tempersture of
sll eight trays in the oven was at speciiication nominal. During the
"power on" cycle, the gredient between trays increased to as much as
8°C. It was found that mormsily the uppermost trays in the ovea were
the warsest aud during cycling and shifted in temperaturs the most.

n,.



PART I

DETARL YACTUAL BATA
In some cases, these trays would change temperature up to 7°C. By
slightly shifting the tray pesition within the oven, 1t would foumd
that this tempersturs shift oould be winfmfzed.
Since provisions were mads to monitor temperature on one tray in sach
oven, the tray indicating the highest degree of shift during cycling
was selected to represent the oven, Thus, it is assured that recorded
temperatures are extrsmes for that ovem and s0 long as the selected

tray is within specification, the other trays will be too.

-10.
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{(C) Description of Measu zment Procedure

The procedures for measurement of recistor values have been described
in part fo previous reports. These procedures have been wodified
slightly to simplify rcadouts and to provide a means of cross-checking
printed readout with cerded data. Readout procedure consists of:

1. Standardization

2. Stabilization

3. Readout

4. Data Check

5. Rapid Data Analysis

Standardization

As described in the previous report, 2 resictance stsndard wes fabricated
so that rapid standsrdization of the Digital Data Logging system might

be effected each time prior to readout. The standard consists of

50 resistors encapsulated {n RTIV silastic coated with epoxy resin end
attached to a plug which mates with the readout cable plug. The standard
is read out each weck with an LAN Model 4735 Wheatstone Bridge. These
values are posted on a standardization chart and compaved against
previous readings. Pricr te each over readout, the standard is read

end resultant values posted agalvst stande&rdized values. Throughout

the use of the NLS 24356 Digital Data Logger, a stability factor of
£-C4% has been observed.

Standardizstion in this manner thus assures that the measurement equip-

ment 18 operating satisfactorily.

- 11 -



Stabilizatiom

When & resistance readout is to be mede, the operator sets up the
mastaer powexr control panel. This i3 accomplished through a series of
interlocks so that the test cannot be accidentally interrupted. Once
the panel has been 3et up, the power cycle continuas until the resistor
power is automatically shut off. A timed cycle them occurs which
allows the resistor temperature to stabilize. At the end of the
stabilizacion period, & buzzer sounds and fndicator lamp lights.

This indicates to the operator that the razsistors are ready to be
wessured. When readout has been completed, the interlocks are again

activated and the power cycling resumes,

Readout

Resistance resdout is performed by two parsons; a test room operator
and data logger operator. Since the deta logging equipment is located
some 50 foet from the test area, the operators commnicate thru an
intercom system. The test room operator provides informasticn to the
data logger operator sc that the readout may be co~ordinated and
completed in minimm time. The test area operator provides information
as to vhat plug is heing measured, how many resistors are terminated
there and when the plug-in is completed. In addition, the readout
operator provides fumediate iunformation to a technician standing by
80 that any possible errors or apparent resistor failures may be
checked immediately. Any failures not directly associated with the
resistor itself 2re repalired and the test plece re-read before testing
progresses fusther. If & resistor has failed, this information is
noted on the data logger operator®s log sheet and at the next readout

this informagtion is availsble.

- 12 -



Data Check

After the resistors resdout is completad, the data logger operator
checks the printed tape data sgainst the carded data. In addition, the
carded data {s scanned to detect any possible discrepancies in the
recording of fixed identification data. 1If all data thus checked is
found to be without error, the carded data is marked indicsating that

it 18 in order. The printed tapes are then given to the statistical

analyst who retainsa them until all carded data is amalyzed.

Rapid Data Analysis

Because it is important to know if the test resistors are behaving
abnormally within a short time after they have been read out, a system
for rapid data analysis has been devised. 1If test resistors seem to

be behaving abnormally, test equipment must be checked thoroughly and

if apparent, malfunctions corrected prior tc continuing the test. Since
visuslly scanning all data cannot be performed in a short time, an

IBM 082 card sorter 1s employed to detect abnormalities,

Imuediately after readout and data check, the carded data is transferred
to the computor area. The cards are quickly sorted in orders of
ascending resistance changes (AR). Cards which fall outside of limits
for the grocup are then scanned to determine what extremes or vhat
quantities are involved. If these values indicate something other

than what s expected, the statistical anslyst immediately notifies

the test area technician and the testing equipment is thoroughly
examined for possible malfunction.

Data £{s then saccumulated until all test ovens have reached the first
specified readout interval. The indfvidual carded data is then transferred
to 8 "Life Summary Card" which will contain all periodic readings. As

all ovens pass the spscified readout intervals, the Life Summary Cards

- 13 -



ere tabulated and printed. This early data tabulation will enable' the
statistical analyst to determine & good portion of the summery data

prior to terminatiom of the test.

- 14 -



ST iy R oo
0 b

* o w—

o
5

I I -

24 VDC Fixed Relay Power Supplies




(D)

Circuit Modifications

During the report period, several additional circuit modifjcations

were made. They are explained below,

Mester Timing Control Circuit

Prior to starting the first test oven, all power supplies, ovens, and
switching circuits were tested. It was found that the power supplies
would mot supply a constant voltage under varying loads. Although

thkis was known prior to purchasing the supplies, the degree of variation

wes not known., In testing the voltage output from minimm to maximum

lcad capabilities, it was found that the voltsge decreased approximately

1:% as the load was foncreased from minimum to maximum. This made the

originsl plan of having each group of resistors in an oven operate

independently of other groups unfeasible. Further experimentation
irdicated that two options were possible. 1. Regulate voltage for

all supplies. 2. Apply power to all groups of resistors simultaneously.

Ir. studying the two options, the first was readily eliminated for

several reasons, primarily cost. The second option offered several

advantsges in addition to being relatively simple to effect  Advantages
are:

1. All ovens are operating in parallel cyclesz. Thus, all tray
temperatures, power supply voltages, and loading conditions are
relatively the same for any given time interval This wmode of
operation makes it casy to detect any malfunction or drift comdition
since all oven and tray temperatures are recorded and appear as «
group in s straight line on the recorder chart

2. Voltages remain stahle throughout power cycling since there is a

constant load on the power supplies

.15 -



‘o Adjustments may be made at sny time ro any oven without affecting
other test ovens.

{, The counter on the master time control provides an additionsl
record of how many two-hour cycles have occurred and sny period
of time may be related to this record. Thus, in a 24-hour period,
the counter will record 12 counts and the accumulated counts

provide a cross check sgainet scheduled rur time.

Jemperature Alarm Circuit

/. temperature alarm hac been added to the 24 point recorders so that
vinisum gnd maximum limits may be set for each recorded psint. Each
recorder is capable of triggering an alarm if preset limits are
exceedad for either ome of two recorded temperstures, The alarm
provides an audible as well as visual alarm and, in additiom, will
round an alarm in an adjoining test area Lf limits are exceeded.
i{larm points are set as follows:

70°C nominal-alarm sounds at: 60° or less - 80° or more

100°C nominal-slarm sounds at: 90° or less -110° or more

125°C nominal-alarm sounds at:115% or less -135° or more

150°C nominal-slarm sounds at:140° or less -160° or more
in emergency action procedure has been provided in case the alarm
thould sound. This procedure contains all information neceasary to
correct the conditions which may cause temperatures to vary'beyon.d
specification or alarm limits.
The following block dimgrams and schematic drawings reflect the final

cvircuit arrangement.
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PAKTS IND3X

MASTER TIMING CONTROL CIRCUIT RFMTIA

SYMBOL ~ QUANTITY

1
1
9

DESCRIPTION MANUF RER
9 Ckt.Time Switch nd.Timer Corp.
Single Cycle Time Sw. " " "
DPDT Switch Carling
11C VAC Busgzer Cuardisn
Indicator Lamp 110V  Diaslco

Pushbutton Switch Carling

Countiter Gen.Controls
Interlock Jack Gen.Radio
Barrier Strip Cinch Jones

-17 -

X,
MC-8-A-24-10
RC-5-A20-1
2GL-5373
BU-115
GA3l
TA-734
CEZ600AS602
274-MB
10-142
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PART I

CORCLUSION

During the report period, Phase 11 was completed and approximately 25% of

Phase III completed,

All operations involving assembly of test components were completed snd no

serious problems or schedule delays were emcountered.

The test circuitry was altered once again and 18 now operating satisfactorily.
The mdifications simplify circuit operation and provide a ready means for

detection of circuit malfunction, should it occur.

All test ovens have been started and up to 1000 hours of test time have

accum lated on some resistors.

The 1C,000 hour test has logged approximstely 2500 hours and all components

are behaving normally.

In general, no significant schedule delays have been incurred. The
following project performance and schedule chart indicates status for all

phases of the project.

- 19 ~
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PART 1X

PROGRAM FOR NEXT QUARTER

During the next quarter April through June 1963, the following tasks

are scheduled:

10

3.

Complete Phase III of this project. IE, complete the

2000 hour load life test,

Assemble all data for presentation and determination of
acceleration factors and development of the High Reliability
specification referenced as Item 1 of this contract. It is
hoped that the major portion of this information will be
available by the end of the referenced report period.
Complete analysis of all failed parts for failure mode
categorization.

Continue to collect data re the 10,000 hour test.



